Introduction
An estimated 33 million people worldwide are infected with human immunodeficiency virus (HIV). 1 In the United States, approximately 1.1 million people have HIV infection, with 50,000 new infections each year. 2 The impact of the HIV/acquired immunodeficiency syndrome (AIDS) epidemic has been greatest in sub-Saharan Africa, accounting for 67% (22.1 million) of the worldwide population infected with HIV, and the majority of global HIV-related deaths occur in this region. 3 Nigeria has the second highest number living with HIV/AIDS in the world after South Africa, 4 and an estimated 240,000 people in Nigeria died of AIDS in 2012. 3 An increasing prevalence of hypertension and obesity has been reported in lowto-middle income countries, including Nigeria. [5] [6] [7] [8] [9] In addition, there is some evidence 
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Ogunmola et al to suggest that there is an excess risk of cardiovascular disease (CVD) among HIV-positive subjects with or without antiretroviral therapy (ART) compared with HIV-negative individuals. [10] [11] [12] It has been suggested that, of the many factors that are involved in the development of CVD in HIV-positive patients, traditional cardiovascular risk factors are the main contributors. 13 Today, Nigeria has the largest ART program in sub-Saharan Africa, 14 with over 300,000 patients prescribed treatment in 2010; a massive increase in access to ART compared with 2002 when less than 10,000 patients were prescribed ART. HIV-infected patients who are adherent to highly active ART (HAART) have a longer life expectancy 15 and, thus, are now developing diseases associated with older age. These include CVDs such as stroke and myocardial infarction. [16] [17] [18] Concurrently, the epidemiology and demography of sub-Saharan Africa (including Nigeria) is shifting toward an older population with a higher prevalence of CVD resulting from chronic, non-communicable diseases. [19] [20] [21] Studies have also implicated HIV infection and ART as potential mediators of this increased risk of CVD. 17, 18, 22 These studies, however, have not included patients from sub-Saharan Africa. Furthermore, global efforts in Africa targeted at HIV care may need to utilize the same opportunity to improve overall cardiovascular health if chronic CVD risk factors are found to be highly prevalent. Studies in Nigeria have reported that hypertension is the most common cardiovascular risk factor for CVD. 20, 21, 23, 24 However, little is known about the relationship between hypertension or obesity, as cardiovascular risk factors, and HIV status with or without ART, in Africa and Nigeria in particular. Therefore, this research aimed to determine the prevalence of subjects with hypertension or obesity and to identify any association with HIV status and ART.
Material and methods study site and population
This study was a cross-sectional cohort study conducted at the HIV clinic of the Federal Medical Centre, Ido Ekiti, Ekiti State, Southwest Nigeria. This tertiary health institution serves as referral center for other primary and secondary health institutions in the state and other neighboring states. However, large numbers of patients seek medical treatment in this center as a first point of contact. The HIV clinic receives patients referred as HIV-positive following screening tests with rapid kits. Participants in this study were enrolled into the following three groups: • Group 1: HIV-negative apparently healthy individuals.
• Group 2: HIV-positive patients (ART-naïve).
• Group 3: HIV-positive patients treated with ART (The duration of ART was between 2 and 148 months). Exclusion criteria were: patients receiving treatment for another illness (chronic kidney disease, chronic steroid, and appetite suppressant therapy) and participants with incomplete evaluation or data (4%) relevant to this study.
The HIV populations were recruited consecutively at the HIV clinic. HIV-negative subjects were recruited from patients' relatives, community members, and hospital staff. The three groups in this study were age and sex matched.
The ethical committee of the Federal Medical Center, Ido Ekiti approved the study. Individuals gave informed consent to participate in the study. All data were anonymized in the analysis.
Data collection
Eligible participants were evaluated using a structured questionnaire, physical examination, and blood and urine tests. The questionnaire included demographic information such as sex, level of education, employment status, and monthly income. Clinical information included medical history (with special emphasis on HIV-specific history, drug use history, and history of hypertension). The standardized interview instruments, physical examinations, and laboratory assays were identical in the three groups. These were performed by the same set of trained research personnel and completed in the same laboratories.
In the physical examination, height, weight, and blood pressure (BP) were measured according to the World Health Organization STEP protocol. 25 27 Blood samples were drawn to determine HIV status and cluster of differentiation (CD)4 T-cell count. HIV status was assessed by HIV-1/ HIV-2 enzyme-linked immunosorbent assay (Genscreen ultra HIV Ag-Ab; Bio-Rad Laboratories, Hercules, CA, USA) of EDTA (ethylenediaminetetraacetic acid) anticoagulated blood samples at the National Blood Transfusion Service laboratory (owned by the Federal Government of Nigeria to provide safe blood). Positive samples were confirmed using Western blot-I and -II confirmation kit (New LAV-BLOT I and II; Bio-Rad Laboratories).
In this study, drug-naïve subjects were defined as those who did not report any current or previous use of antiretroviral 
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HiV, hypertension, and obesity drugs. Subjects who were ART-experienced were defined as those who reported current and or previous use of antiretroviral drugs. The comparison cohorts were chosen with the assumption that the impact of HIV and/or ART on hypertension and obesity, respectively, endures after infection or use. HAART was defined as: two or more nucleoside reverse transcriptase inhibitors (NRTIs) in combination with at least one protease inhibitor (PI) or one nonnucleoside reverse transcriptase inhibitor (NNRTI); one NRTI in combination with at least one PI and at least one nonnucleoside NRTI; or tenofovir-containing regimen of three or more NRTIs. In this study, all patients on ART received HAART. ART in this paper was used interchangeably with HAART.
Data analyses
The data were analyzed using Statistical Packaging for Social Sciences version 16 (IBM Corporation, Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation, and categorical variables as percentages. The Student's t-test was used to determine the statistical significance of the continuous variables, while the chi-square or Fisher's exact test were used to determine the statistical significance of categorical variables. Means of the three groups were compared using one-way analysis of variance. Multiple comparisons of the groups were performed using the post hoc Bonferroni test, with 95% confidence interval. A multivariate linear regression model was applied to test the independent role of different confounders. In these tests, a P-value ,0.05 was considered statistically significant. 
Results
This study included 403 participants who met the inclusion criteria. Group 1 consisted of 153 (38.0%) subjects who were HIV negative. There were 65 (42.5%) male subjects and 88 (57.5%) female subjects, with a mean age of 35.5±7.6 years (range: 17-53 years). Group 2 consisted of 120 (29.8%) subjects who were HIV positive and drug-naïve. There were 51 (42.5%) male subjects and 69 (57.5%) female subjects, with a mean age of 36.5±9.1 years (range: 13-52 years). Group 3 consisted of 130 (32.2%) subjects who were HIV positive and treated with ART. There were 43 (33.1%) male subjects and 87 (66.9%) female subjects, with a mean age of 38.6±8.0 years (range: 19-52 years). There were no differences in age and sex (P=0.648 and 0.119, respectively) between the groups, as shown in Table 1 . Most (98%) of the HIV patients on ART were receiving zidovudine, lamivudine, and nevirapine, while the remaining 2% were receiving tenofovir, lamivudine, and boosted lopinavir (lopinavir coformulated with low-dose ritonavir). The duration of ART was between 2 and 148 months (mean, 34.1±29.6 months). Table 1 shows that the prevalence of hypertension among the three groups was not significantly different (P=0.712) and there were no differences between any two groups. There were no significant differences among the groups in mean systolic BP (P=0.232) or mean diastolic BP (P=0.373), nor between any two groups. There was a statistically significant difference in the prevalence of obesity among the three groups (P,0.001), with a significant difference between HIV-negative and HIV-positive drug-naïve subjects (P,0.001), and HIV-negative and HIV-positive ART 
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Ogunmola et al subjects (P=0.007), but not between HIV-positive drugnaïve subjects and HIV-positive ART subjects (P=0.227). There was also a significant difference among the three groups in BMI (P,0.001). Group comparisons showed a significant difference in BMI between HIV-negative and HIV-positive drug-naïve subjects (P=0.001), and between HIV-negative and HIV-positive ART subjects (P=0.002), but not between HIV-positive drug-naïve and HIV-positive ART subjects (P=1.000). There were also similar significant differences in CD4 count among the groups (P,0.001), with significant differences between the HIV-negative and HIV-positive drug-naïve subjects (P,0.001), and between the HIV-negative and HIV-positive ART subjects (P,0.001), but not between HIV-positive drug-naïve and HIV-positive ART subjects (P=1.000). Figure 1 shows two distinct age patterns of hypertension distribution. In HIV-negative and HIV-positive ART subjects, the proportion of subjects with hypertension rose rapidly from a rather low level in early adulthood, reached a peak at 40-49 years, and then decreased. A similar trend was observed in HIV-positive drug-naïve subjects, but with an earlier peak at 30-39 years. In Figure 2 , both overweight and obesity were shown to have a similar distribution with a rapid rise to a peak at 40-49 years and then a decrease in both HIV-negative and HIV-positive ART subjects. The HIV-positive drug-naïve group showed a rapid rise in overweight, with a peak at 30-39 years followed by a decrease. In this group, only two age categories showed obesity (20-29 and 30-39 years).
In Table 2 , binary regression analysis found that sex, CD4 T-lymphocyte cell count, educational attainment, HIV status, ART status, and duration of ART were not significantly associated with hypertension, but hypertension was significantly associated with BMI (P,0.05). In Table 3 , BMI was significantly associated with hypertension (P,0.05) when HIV or ART status was included in the model, but not with ART duration. The relationship between CD4 T-lymphocyte cell count and BMI was significant when HIV status was included in the model, but not when ART status or ART duration was included. The odds of being hypertensive increases as BMI increases (odds ratio: 4.531 and 6.434, respectively; 95% confidence interval: 1.513-13.571 and 1.158-35.767, respectively). Obesity was independently associated with hypertension (P,0.05) except when ART duration was included in the model. In addition, obesity was independently associated with HIV status (P=0.030). HIV-negative patients were significantly more likely to be obese than HIV-positive 
Discussion
This study found a lack of a significant association between hypertension and HIV infection or ART status in the univariate analysis, even after adjustment for other factors associated with hypertension. The proportion of hypertensive individuals observed among HIV-negative and HIV-positive drug-naïve subjects was similar to the general prevalence in our region as reported by Cooper et al 8 and Akinkugbe. 28 The prevalence in HIV-positive ART subjects (9%) was lower than that reported by Cooper et al 8 and Akinkugbe 28 (14.5% and 20%-25%, respectively) in the general population. However, there was no statistically significant difference between groups in our study. Therefore, our data do not support a concern that HIV infection or ART are risk factors for hypertension. In developed countries, the prevalence of hypertension in HIV-positive individuals varies between 8% and 39%. 29, 30 This is similar to the finding in our study. In Africa, a study in Kenya reported a lower prevalence of 7.4%-11.2%, 31 compared with 12.3%-19.0% in the current study. This may be related to a lower prevalence of hypertension in Kenya (12.3%) 32 compared with Nigeria (14.5% 23 and 20%-25% 28 ). There was a similarity in the distribution of hypertension by age group according to HIV and ART status in our study. This, coupled with the lack of a significant difference between the groups, suggests that HIV and ART status do not add to the risk factors for hypertension in the general population. We did not observe any significant association between CD4 T-cell count and hypertension, unlike that which Manner et al 33 recently reported. The difference in observation might have resulted from difference in methodology. In our study, we determined the CD4 T-cell count at the time of BP measurement; Manner et al did not determine hypertension status at the time of CD4 cell count determination in their longitudinal design, and the classification of hypertension status according to the average of several BP measurements with variable time intervals was not optimal. Therefore, association between CD4 T-cell and blood pressure in HIV patients requires further exploration.
There was a high prevalence of obesity in the HIV-negative group. This was similar to previous reports in Nigeria 5, 6 and in other parts of the world. 7, 34 There are a number of possible reasons. First, there has been an epidemiological transition from diseases of poverty to those of affluence and a Westernized lifestyle. Second, there are local sociobehavioral factors in which being overweight or obese is perceived by the community as a sign of wealth, and is therefore attractive, 
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HiV, hypertension, and obesity and is associated with respect, dignity, and popularity. 35 Third, in an area of high HIV prevalence like Nigeria, leanness is often associated with suspicion of HIV. This, therefore, often discourages an average person from maintaining an acceptable weight or embarking on a weight reduction program. 35 Fourth, it has also been observed that in low-and middle-income countries, the burden of obesity has shifted to rural areas (Nigeria being predominantly rural), and that the highest prevalence of obesity is in middle-age groups. 36 Fifth, sedentary work is now one of the most common occupations in Nigeria. 6 Sedentary behavior is known to be associated with obesity, independent of leisure-time physical exercise. 37, 38 Sixth, in the rural community in Nigeria, people go to bed early at night because of a lack of social amenities. This practice tends to increase their sleep duration, which has been associated with obesity. 39 There was no significant difference in the prevalence of obesity and mean BMI between HIV-positive drug-naïve and HIV-positive ART subjects. Similarly, there was no significant difference between these two groups in mean CD4 T-cell count. The analysis indicated that there was no significant relationship between obesity and ART status, but there was an association between obesity and HIV status. Our study observed significant association between BMI and CD4 T-cell count when HIV status was considered in a binary multivariate regression model. However, the impact of weight on immune cell levels among HIV-infected persons during the ART era remains largely unknown. A study noted that obese HIV patients had similar CD4 cell counts as compared to normal-weight persons. 40 Nevertheless, this study was limited by its population consisting only of diabetic patients and lack of data on HIV duration. In agreement with our study, Crum-Cianflone et al 41 reported that weight appears to affect immune cell counts over the course of infection. We also found that BMI was a stronger predictor of hypertension in our analysis, even after adjustment for other factors associated with BMI. The lower prevalence of obesity in HIV-positive subjects may reflect HIV-related wasting syndrome. It is also possible that HIV-infected patients are more in contact with health care services, so they may be more likely to obtain nutrition-related advice. Findings from developed countries suggest that PI use may be a factor in both obesity and hypertension. 42 It was unlikely that PI use had any significant influence on hypertension and obesity in our sample because the proportion of people using PIs was low (2.0%). In addition, regression analysis failed to show a precise relationship between length of time taking ART or type of ART and obesity or hypertension. Our study was in agreement with a similar study in South Africa 43 showing a higher prevalence of obesity in HIV-negative subjects; but, in contrast to our study, HIV-positive ART subjects were reported to have a significantly lower prevalence of obesity and lower BMI than HIV drug-naïve subjects. The reason for this difference may be because of the difference in methodology. Our study recruited HIV-positive patients referred to an HIV clinic whereas the South African study was a population-based survey in which participants were recruited within a surveillance area where the diagnostic test was conducted and, therefore, the participants may have been recruited at an earlier stage.
The population recruited for this study consisted of about 80% young adults and 61.1% female subjects. This is consistent with epidemiological evidence in Nigeria and other parts of Africa that showed that HIV infection is more common in young adults and in female individuals. 4, 44 In Tanzania, the prevalence in both women and men increases with age until it reaches a peak: for women at age 30-34 years and for men at age 40-44 years. 44 This unimodal distribution (of HIV infection and therefore age-matched HIV-negative groups) might have been responsible for reduction in the proportion of hypertensive subjects seen after 30-39 years of age, especially considering the fact that only about 20% were middle-aged. The commonality of female sex in HIV infection and overweight/obesity 4, 44, 45 may further explain the distribution because 61.1% of our studied population was female. The early peak in overweight and fewer obese subjects in the HIV-positive drug-naïve group may be due to late presentation and the possible influence of HIV-related wasting syndrome.
Our study has some limitations. First, analysis of cardiovascular risk factors was limited to hypertension and obesity. Other conventional cardiovascular risk factors such as tobacco use, blood lipids, diabetes mellitus, physical activity, alcohol consumption, and dietary factors were not included in our analysis. However, hypertension or obesity are independent cardiovascular risk factors. Second, only patients who reported to our clinic were included in this study, therefore, selection bias might have been introduced. Third, those with illnesses other than our main predictor of interest and outcome measures were excluded. This may therefore limit the generalizability of our study. Fourth, nonrandom or community-based selection of HIV-uninfected controls might have also introduced selection bias. Fifth, much of the discussion in our study was based on factors that are associated with obesity in the general population, even though this was not a population-based study. Sixth, the low proportion of patients 
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Ogunmola et al (2%) who were exposed to PIs limits the study's relevance regarding long-term exposure to these drugs.
In conclusion, HIV or ART status in our study did not appear to add any extra burden of hypertension prevalence compared with HIV-negative subjects. The prevalence of hypertension in each group was found to be similar to that reported in the general population. Consistent with current knowledge, hypertension was strongly associated with BMI. This study also confirmed that HIV infection was associated with a lower BMI and, thus, a lower prevalence of obesity compared with HIV-negative subjects. As excess weight was associated with hypertension, and obesity was present in a proportion of HIV-infected patients, there is good reason to support cardiovascular risk assessment as part of routine HIV clinical care.
